Breads were prepared with various combinations of maize, brown rice and wheat flours in the basic formulation of bread. The baking properties and chemical composition of bread were evaluated and analysed, respectively. The bread volume decreased, where as bread weight and moisture content increased with the increasing level of maize and brown rice flour. The crumb and crust colour of breads were improved with addition of 8% maize and 8% brown rice flour in bread formulation. The protein content and other nutrients of breads were increased by addition of maize and brown rice flours. The effects of various levels of yeast, sugar, fat, improver and salt on the quality of breads prepared with maize and brown rice flour were evaluated. Bread quality in respects of bread volume and crumb texture were improved by using 2.5% yeast, 5% sugar, 5% fat and 0.6% improver. The analysis of bread containing added 8% maize and 8% brown rice flours showed protein 9.76%, fat 4.10%, ash 2.10%, crude fibre 5.16%, sugar 2.26% and total carbohydrates 46.91%. Bread having 8% maize and 8% brown rice flour had most acceptable flavour, texture, colour and overall acceptability when compared with other bread with maize and brown rice flour.
Introduction
Brown rice is the entire grain with only the inedible outer husk removed. The nutritious, high-fiber bran coating gives it a light tan color, nutlike flavor and chewy texture. Whole-grain brown rice flours add a different flavor and chewy texture to baked products. Such flours from raw, untreated rice grains have limited shelf-life stability, due chiefly to lipase activity (initiated in bran layers during flour milling), which causes enzymatic hydrolysis of lipid components to free fatty acids. Several methods exist for stabilizing rice bran separated during the raw milled rice (Sayre et al. 1982) . The rice bran contains 12-16% protein which has high nutritional value. The addition of rice bran improves the lysine content of baked product and also contributes a bland pleasant flavor (Lynn, 1969) .
Maize is a high energy food having highly digestible carbohydrate, high protein content composed of amino acids essential for human nutrition, cholesterol free oil and good quantity of trace minerals (Martin and Leonard, 1967) . Maize is a fairly rich in vitamins-B and the yellow kernel is also good source of the pro-vitamin-A, beta-carotene, which can prevent human blindness. It contains 11.2% protein, 66.2% carbohydrates, 3.6% fat, 1.5% minerals and 2.7% fiber (Gopalan et al. 1981) . In our country maize is confined in roasted cob, a poultry feed, fodder, starch and snacks. Other forms of food using maize flour alone or mixed with flours from other cereals and pulses include bread, chapati, parota, pulse puri, soup, mixed food, bhutta polao etc. thus the development of the technology for effective utilization of nonwheat flour like brown rice flour, maize flour may be a part of the subject of research in the field of cereal processing technology in the country.
Bread is the most widely used breakfast items in urban and sub-urban areas in Bangladesh. Around the world bread is the principal food and provides more nutrients than any other single food source. In most European countries it is the source of half of the total carbohydrates requirements, one third of the protein requirements, and over 50% of the B-vitamins and 75% of vitamin-E requirements (Pomeranz and Shellenberger, 1971) . As a result of changing food habits, increasing population and urbanization the consumption of leavened wheat bread has risen dramatically in many developed countries including Bangladesh. On the other hand for climatic reason many developing countries can not grow wheat suitable for bread making. Thus partial substitutions of wheat flour with flour from indigenous crops or the production of alternative wheat less bread may be the subject of research.
Taking the above points in considerations the present study was undertaken with the following objectives:
i. to develop dietary fiber-enriched baked product such as bread by incorporation of brown rice, maize and wheat flour in the formulations; ii.
to study the effect of various levels of brown rice and maize flour on loaf quality, composition and sensory properties of prepared bread.
Materials and Methods
The investigation was conducted in the laboratory of the Department of Food Technology and Rural Industries, Bangladesh Agricultural University, Mymensingh, Bangladesh. The maize, raw paddy (pajam) and commercial wheat flours were collected from local market. Brown rice flour was processed from pajam variety by removing the husk. Maize flour was processed from the straw yellow varieties of maize, free from immature, field damage and black maize. The samples were grounded to powder in a flour mill. The initial samples of brown rice and maize flour were analyzed for moisture content, ash, protein and fat as per the methods of AOAC (2004) . All the determinations were done in triplicate and results were expressed as the average value in Table 1 . The breads were prepared with various levels of brown rice and maize flour in the formulation. The replacements of wheat flour in the formulation were made with 0, 5, 8, 11 and 14% of brown rice and maize flour respectively. Breads were prepared as per the procedures described by kent (1984) . Bread volume was initially used as an important parameter of bread quality. The bread volume was determined by seed displacement method (ott, 1987) . The results were expressed in cc (ml) and the values were average of three replications. Loaf weight, moisture content, colour, crust and crumb quality were also determined with the following standard methods described by Kent (1984) and ott (1987) .
Results and Discussion
Composition of brown rice and maize flour: The results of the proximate composition analysis of brown rice and maize flour are presented in Julialo (1972) reported that 7.1-15.4% proetin, 0.6-4.0% fat, 0.2-2.6% fibre, 0.5-2.1% ash. McCall et al. (1951) observed the range of moisture of brown rice was 9.1-12.6%.
The prepared maize flour was analyzed for its composition. The results are presented in Table 2 . The analysis showed that the maize flour contained moisture 8.98%, protein 9.0%, fat 3.50%, ash 1.48% and total carbohydrate 78.04%. The moisture, protein, fat and ash content were more or less similar and carbohydrate contents higher than those reported by Kent (1990) . He reported that the maize flour contains 12.6% moisture 9.4 % protein 4.1% fat, 1.4% ash, and crude fibre 2.0% and 72.1% carbohydrates. All results are also shown in dry basis (db).The differences observed in these compositions may be due to the following reasons are varietal differences, agro-ecological condition, extent of drying, fertilizer use and methods of analysis etc. The effect of maize and brown rice flour on bread properties Physical properties of breads incorporating brown rice and maize flour: The effects of maize and brown rice flour on the breads are presented in Table 3 . It can be seen from Table 3 . that the control bread gave higher volume (512cc) than those other breads prepared with 5, 8, 11 and 14 levels of brown rice and maize flour. It was also observed that the bread volume progressively decreases with the increasing of brown rice and maize flour in the formulation. Since brown rice and maize flour does not contain gluten, its substitution in wheat flour reduced the gluten content in the dough. This might be due to decrease in volume of bread containing brown rice and maize flour. The breads with different levels of maize and brown rice flour had higher moisture contents (36.25-40.10 %) than that of the control bread. The moisture content of the bread samples gradually decreases with reducing the level of maize and brown rice flour in dough. This might be due to the fact that higher moisture content in composite flour bread contained higher amount of fibre (cellulose, hemicelluloses, or pentosans, lignin and other dietary fiber components) which are contributed by maize and brown rice flour in the dough. These might hold the water which may contribute to the higher moisture content of the maize and brown rice flour containing bread. Similarly the weights of the bread prepared with different level of maize and brown rice flours in the formulation observed that all the bread samples (230-246gm) had higher weights than that of control bread (220 g). Physical Properties of bread: General appearance, crust and crumb characteristics of bread containing brown rice and maize flour are presented in Table 4 . It is observed that control bread had better appearance compared with 5, 8, 11 and 14% brown rice and maize flour containing bread. The crust colour of the bread containing 5% brown rice and 5% maize flour and the bread containing 8% brown rice and 8% maize flour were deeper than those of the control bread and other bread samples. The bread containing 11% maize and 11% brown rice flour and bread containing 14% maize and 14% brown rice flour had harder crust compared to both the control and the bread containing 8% brown rice and 8% maize flour. The overall crust characteristics of the bread containing 8% brown rice and 8% maize flour seemed to be better than other samples. In general, the differences in crust colour between different bread samples become larger as the substitution levels of maize and brown rice flour increased in dough.
Crumb colour of the breads containing different level of maize and brown rice flour is presented in Table  4 . Colour evaluation was made with interior slices. As shown in Table 4 . the crumb colour of bread containing 14% maize and 14% brown rice flour was generally yellowish than the control sample. As a whole, the bread containing 5% maize and 5% brown rice flour and bread containing 8% maize and 8% brown rice flour had better crumb colour than those obtained from different levels of maize and brown rice flour. This might be due to the yellow colour of the maize flour. The decrease in the levels of maize and brown rice flour substitution changed the crumb colour of the samples from yellowish to white yellow. A good colour regardless of kinds of bread is always desirable.
A significant differences in texture was observed between bread without maize and brown rice flour and bread having 14% maize and 14% brown rice flour and this differences increased with increasing the levels of maize and brown rice flour.
Uniformity of size with thin walled cell is most desirable for crumb grain. Coarseness, thick walled cells, uneven cell size and large holes are indicative of poor grain. As shown in the Table 4 . The bread containing 11% maize and 11% brown rice flour and the bread containing 14% maize and 14% brown rice flour were contained these properties. The characteristics of air cell observed for the experimental breads containing brown rice and maize flour and that of control are presented in Table 4 . The air cell size in the bread containing 11% maize and 11% brown rice flour and bread containing 14% maize and 14% brown rice flour were slightly larger than other breads. The effect of maize and brown rice flour on the composition of bread: In the present study five different samples of bread were processed and chemical properties were measured to assess the quality. The bread samples were analyzed for moisture, protein, fat, ash, crude fiber and total carbohydrates content. The moisture contents of five different bread samples processed with different levels of maize and brown rice flour were shown in Table 5 and showed that the moisture content of the bread without maize and brown rice flour (35.16%) was lower than those of the other bread. The highest moisture content 40.1% was found in the bread containing 14% maize and 14% brown rice flour. It can be seen that the moisture content of the bread gradually increases with increasing levels of maize and brown rice flour. This might be due to the high concentration of fibers significantly increasing in water holding capacity of the higher portion of maize and brown rice flour bread. In present study it was observed that the protein contents of all samples were 7.89-6.79% much lower than that of the bread without maize and brown rice flour 8.50%. It was observed that protein content in bread decreases with increasing levels of brown rice and maize flour. The might be due to the higher percentage of protein content in wheat flour (12% protein reported by Kent, 1990) . Fat content was highest (4.29%) in sample S 5 where wheat flour was substituted by 14% maize and 11% brown rice flour and lowest (1.60%) in controlled sample. The fat contents of the bread samples increased with increasing the percentage of maize flour in dough. Since maize flour contains approximately 3.50 % fat where as brown rice and wheat flour contain 2.65%, 0.91% fat respectively. Where as McCall et. al. (1951) found that brown rice contained 1.4-2.6% fat and Gopalan et al., 1981 found that maize flour and wheat flour contained 3.6 and 1.6% of fat respectively.
The maximum ash was found in bread containing 14% maize and 14% brown rice flour 2.42% and lowest in the bread without maize and brown rice flour 0.85%. Increasing the amount of brown rice and maize flour in breads gave increased ash content of samples. This might be due to the dry matter content of the maize and brown rice flour. In Table 5 . it was shown that the highest fibre content 5.86% was obtained in the bread containing 14% maize and 14% brown rice flour and the lowest fibre content was obtained in the bread without maize and brown rice flour 0.65%. This is due to the addition of increasing amount of brown rice and maize flour. The total sugar content of bread was also evaluated. The higher value 2.46% of sugar was observed in brown rice and maize flour containing bread and lower value 1.85% in bread without maize and brown rice flour. Effect of various levels of sugar, on the quality of bread containing different level of maize and brown rice flour: The optimum level of sucrose enhanced the flavor of bread but more sugar contents decreased the acceptability of bread. Different levels of maize and brown rice flour were incorporated into standard wheat flour in the bread formulation and sugar was added at the rate of 1% to 6% on the flour weight basis. Volume, specific volume, weight and moisture content were evaluated for different type of breads from Table 6 . It was observed that increasing level of sugar addition increases the bread volume, weight, moisture content. Effects of various levels of yeast on the quality of bread containing maize and brown rice flour: Yeast was added in the bread formulation at the rate of 0.25% to 3% on the flour weight basis. Volume, weight and moisture content were evaluated for different type of breads and the results are given in Table  7 . It was observed that the bread volume increases gradually with increasing level of yeast addition from 0.25 to 3.00%. It is found that the highest volume of the bread was found at highest level of yeast addition (i.e. 3.0%). The most acceptable level of yeast were found to be 2.5%, in 8% maize and 8% brown rice flour containing bread and 2.0% in other breads. These levels of yeast addition give smooth, uniform and soft texture with the most acceptable volume of bread. The effects of various levels of improver on the quality of maize and brown rice flour containing bread: Improver was added in the bread formulation at the rate of 0.2% to 0.7% on the flour weight basis. Volume weight, specific volume and moisture content were evaluated for different type of maize and brown rice flour containing bread and the results are given in Table 8 . It was observed that the bread volume increases gradually with increasing level of improver addition from 0.2 to 0.7%. In case of 8% maize and 8% brown rice flour containing bread the optimum level of improver was found to be 0.6% in order to achieve acceptable volume, texture and structure of bread. Effects of various level of fat on the quality of bread: The breads were prepared by adding 1 to 6% fats on the flour weight basis. The volume, weight, specific volume and moisture content of the prepared bread were evaluated and results are given in Table 9 . It was observed that the bread volume increases gradually with increasing level of improver addition from 1 to 6%. With the addition of 1 to 2% level of fat on the flour weight basis, the volume of bread increases slowly and the addition of 3 to5% level of fat on the flour weight basis, the volume of bread increases sharply. The highest weight of the bread containing maize and brown rice flour was found at 6% level of fat addition and the lowest weight was obtained at the lowest level of fat addition (i.e. 1%). This might be due to the highest water content of the bread. At various level of fat the specific volume of bread were approximately same for each sample. The moisture content of bread ranges from 34 to 39.50% with the addition of different level of fat on the flour weight basis. Sensory Evaluation of bread containing maize and brown rice flour: From the results of mean sensory score, it was apparent that there was significant (P<0.05) difference in overall acceptability among the breads. The results (Table 10) indicate that the overall acceptability of control bread and the bread containing 8% maize and 8% brown rice flour were equally acceptable. The DMRT test for overall acceptability preference was performed and the results are given in Table 10 . The bread without maize and brown rice flour scored the highest score for overall acceptability among the other bread containing maize and brown rice flour. The overall acceptability of bread containing 11% maize and 11% brown rice flour and the bread containing 14% maize and 14% brown rice flour were equally acceptable. These bread were significantly different from the bread without maize and brown rice flour, bread containing 8% maize and 8% brown rice flour and the bread containing 5% maize and 5% brown rice flour. It was also observed that the bread containing 8% maize and 8% brown rice flour secured the highest scored overall acceptability among the samples with maize and brown rice flour while bread containing 14% maize and 14% brown rice flour obtained the lowest among breads. 
